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COMPLETE SPECIFICATION 

Continuous Production of Industrial Starch Pastes 



We, Union Starch & Refining Co., 
Inc., a Corporation of the State of Indiana, 
United States of America, of Columbus, In- 
diana, United States of America, do hereby 
declare the invention, for which we pray that 
a patent may be granted to us, and the method 
by which it is to be performed, to be particu- 
larly described in and by the following state- 
ment: — 

This invention relates to a process and ap- 
paratus for the continuous production of starch 



Among the objects of the invention is to 
provide a process and apparatus for the contin- 
uous production of starch pastes. 

Among other objects of the invention is to 
continuously provide a continuous supply of 
starch paste which has a relatively low and 
uniform viscosity, and which resists gelling 
when stored. 

Cooked starches such as used in the paper 
industry, for example, are conventionally pre- 
pared by the batch process. Batch prepared, 
cooked starches unless modified by enzyme 
ooversion or preconverted at the producer's 
plant have relatively high viscosities and they 
tend to gel on storage. Also such batch pro- 
cesses are time consuming and require a maxi- 
mum of attention during the cooking treat- 
ment. 

Among other objects of the invention, there- 
fore, is to prepare a starch paste of improved 
quality and consistency by a process and ap- 
paratus involving lower handling costs. 

The objects of the invention are attained 
by continuously forming an aqueous starch 
slurry; positively feeding the slurry to a steam 
injection heater to substantially instantly heat 
and gelatinize the starch; continuously con- 
ducting the gelatinized starch paste under 
pressure supplied by the injection heater 
through a chamber under pressure to continue 
the conversion until the starch liquor is con- 
verted to a paste having the desired paste 



characteristics (of a modified starch paste, for 
example); separating excess steam from the 
paste and continuously collecting the paste. 

The invention is especially useful with corn 
starch but may be employed with any type 
of starch such as the starches from wheat, 
potatoes, tapioca, rice and waxy maize. Al- 
though the invention is especially useful for 
treating unmodified starch, thereby avoiding 
the treatment necessary to modify such 
starches, it may also be employed for treating 
thin-boiling, oxidized, ethylated and other che- 
mically modified starches. 

The amount of starch in the slurry depends 
on the particular starch employed and on the 
properties desired in the final product but gen- 
erally the slurry will contain at least 1/2 lb. 
of starch per gallon and preferably 0.5 to 3 
lbs. per gallon. Various preservatives, bacteri- 
cides or chemicals, etc. may be incorporated 
into the slurry. 

The starch is fed from the slurrying tank 
to the steam injection zone at a constant rate. 
A rate of 3 to 6.5 gallons per minute has 
been found very satisfactory for a single injec- 
tion nozzle. 

The steam pressure applied to the injection 
nozzle may vary from about 60 to about 140 
pounds per square inch gauge pressure (psig). 
Below about 60 psig, the starch is not com- 
pletely cooked and the paste resembles that 
obtained by cooking at atmospheric pressure. 
Above about 140 psig the paste may be car- 
amelized. 

The time from when a given slurry leaves 
the slurry mixing tank until it is passed out 
of the final cooker or pressure converting 
means will also depend on the type of starch 
and the properties desired in the final product, 
but periods of about 5—12 minutes have been 
found to be very satisfactory. 

After the starch paste leaves the injection 
zone, the cooking is continued under pressure 
at temperatures of between about 250 a F and 
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350°F The pressure supplied by the steam sure converting zone can be separated at atmo- 

of the injector forces the paste, in a closed spheric pressure from the excess steam and 

system, through a chamber of the pressure vapor by centrifugal means, 

converting means which is constructed to pre- m The following table summarized the condi- 

vent channelling of the paste. tion of operation of the process. 
The starch paste as it leaves the final pres- 



to 



Optimum 


Maximum 


Minimum 


Through-put rate (gpm) 5 


6.5 


3 


Steam pressure (psig) 100 


140 


60 


Tank Level Full 


Full 


Empty 


Retention time (with full) tank (min.) 8 


5 


12 


Discharge temperature (°F.) 320 


350 


250 


Paste concentration* (lb./gaL) 1/2 to about 3 





* Dependent on the type of starch. 

The accompanying drawing is a flow dia- 
gram of the overall process and apparatus. 

15 The slurry is formed in tank 1 which is 
provided with an agitator 2. The slurry con- 
nects through line 3 to a positive displacement 
pump 4 which feeds the slurry through valve 
9 to the steam injection heater 5. Steam is 

20 fed through a pressure regulating and adjusting 
valve means 7 to line 8, and valve 10 to 
the injection heater 5. The injection heater 
is shown diagrammatical^, such devices being 
known in the art. The granules of stach in 

23 the slurry are instantly heated in injector 5 
and discharged through orifice 6 into line 11 
under pressure. The end of line 11 extends 
into the pressure cooking or converting vessel 
13 down to within a short distance of the 

30 bottom of baffle chamber 12. The vessel 13 
is closed to the atmosphere and has a heat 
jacket and/or insulating covering 14. Paste 
introduced into the bottom of the baffle 
chamber 12, overflows said chamber and 

35 moves toward the bottom of vessel 13 and 
into line 15 without producing channelling. 
The small needle valve 20 on the top of the 
tank is used only to vent off non-condensible 
gases and does not effectively lower the pres- 

40 sure inside the vessel 13. The level of paste 
in vessel 13 is regulated by the automatic 
Jevel transmitter 16 which senses the pressure 



differential between the vapor at the top of 
vessel 13 and the hydraulic pressure in line 
15, and through controller 17, automatically 
adjusts the opening of valve 18 to control 
the flow of paste through line 19. 

The paste from valve 18 flashes to atmo- 
spheric pressure through line 21 into a cen- 
trifugal separator 22. Steam and other gases 
are removed through vent 23 while the final 
product flows through line 24. Water can be 
metered into the separator 22 through line 
26 with the aid of a metering pump 25. 

In the examples which follow the viscosity 
was directly measured in centipoise units by 
means of a Brookfield viscometer using a #1 
spindle at 20 revolutions per minute. 

Example 1 
A slurry containing 2 lbs. dry substance 
(D.S.) starch per gallon was made in the slurry 
vessel 1 and passed at a speed of 6 gallons 
per minute through the injection heater 5 oper- 
ated at a steam pressure of about 100 psig. 
The tank 13 of about 50 gallon capacity was 
heated to 300°F and was maintained substan- 
tially full at a pressure of 100 psig. Dilution 
water at 95°F was added at 26 to produce 
samples having properties in accordance with 
the table below. 
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Dilution 
Water (gpm) 


% Dry Substance 
(Oven Methods 


Viscosity 


0 


18.2 


66 


1 


17 4 


55 
j j 


2 


13.7 


26 


3 


13.2 


26 


4 


12.2 


18 


5 


11.1 


19 


6 


9.5 


18 



* Brookfield Viscometer, #1 spindle @ 20 rpm, samples read at 
140° F. 

The above viscosities match the viscosity Example 2 10 

characteristics of a starch which has been che- The process was conducted as in Example 
mically preconverted in the suppliers' plant. 1 except that a slurry with 2.5 lbs./gal. of 
For example: the viscosities correspond to D.S. starch, a pump speed of 5 gal./min., 
what are commonly known in the trade as a cooking temperature of 295°F. and a tank 
low viscosity oxidized starches or ethylated pressure of 100 psig, were employed. Various 15 
starches depending on the modification in- proportions of dilution water at 95°F were 
volved. added, as indicated, produced samples with 

the properties set forth in the following table: 



Dilution Water 
(gpm) 


% Solids 
(RI)* 


Dilution 
Temp.** 


Viscosity 
(cps) 


@ Sample 
Temp.*** 


0 


25 


210 


420 


136 


2.9 


15 


206 


56 


135 


4.0 


14 


203 


42 


140 


4.8 


12 


199 


41 


137 


7.3 


10 


186 


26 


139 


8.9 


8 


176 


24 


140 


10 


7 


163 


18 


140 



* RI = Refractive index which was used as a direct indication of solids content 
using an Enna pocket refractometer with the standard 0 — 27% starch solids scale. 

** Dilution temperature is the temperature of the sample after dilution. 

*** Sample temperature is the temperature at which the viscosity was measured. 



20 Example 3 

In this example, the process was conducted 
so as to obtain a 15% final solids paste for 
use directly in the machine sizing of food- 
grade board. The original slurry contained 2.5 



lb. /gal. of D.S. starch, the pump speed was 25 
5 gal./min., the cooking tank was maintained 
substantially full and at a temperature of 
295— 300°F. The dilution water was at 70° 
so as to provide a paste temperature of about — 
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150°F when said paste reaches the sizing machine. The following samples were taken at 
about 15 min. intervals: 



Dilution Water 


% Solids 
(M) 


Viscosity 
(cps) 


@ Sample 
Temp. 




15 


60 


130 


D.J. 


15 


49 


140 


1 O 
J.Z 


15 5 


30 


140 


3,3 




31 


140 


oampie ox compueiLc 


15 


36 


140 


Sample of composite 
held 1 nr. 


15 


32 


140 


3.4 


15 


38 


13.2 


3.4 


15 


31 


133 


3.4 


16.5 


38 


142 


3.4 


18 


82 


140 


Sample of composite 


16.5 


40 


138 



The "composite" referred to in the table were mixtures of equivalent 
portions of the four samples immediately thereabove. 



Samples of the board coated with this pro- 
5 duct were compared with samples of the board 
coated with an equivalent viscosity oxidized 
starch. Test results were substantially equiva- 
lent except for a lowering of the air permeabi- 
lity of the board coated with the pressure con- 
10 verted product. 

Example 4 
The process was conducted as in Example 
3 but with a slurry of 3 lb./gal. of D.S. 
starch and with dilution water added at the 
15 rate of about 5.1 gal./min. to provide a final 
paste of about 14% solids. The resultant 
pastes had a slightly higher viscosity than those 
of Example 3. 

WHAT WE CLAIM IS : — 
20 1. A process for the continuous production 
of starch pastes comprising, 

providing an aqueous slurry containing at 
least 0.5 lb./gal. of starch, 
continuously feeding the slurry in the form 
25 of a stream to a steam injection heating device 
and 

instantly heating said starch slurry with 
steam at a gauge pressure of 60 to 140 pounds 
per square inch to convert said slurry to a 
30 starch paste 

continuously introducing the stream of heat- 
ed starch paste to a pressure converting zone 



maintained at a temperature of between 250°F 
and 350°F and continuing the cooking of the 
starch paste in the pressure converting zone, 

and feeding the converted starch paste into 
a vessel at atmospheric pressure. 

2. A process according to Claim 1 wherein 
the aqueous slurry contains 0.5 to 3 lbs. per 
gallon of starch. 

3. The process as claimed in either Claim 
1 or Claim 2 comprising separating steam and 
other gases from the converted starch after 
the pressure on the same has been reduced 
to atmospheric. 

4. The process as claimed in Claim 3, com- 
prising diluting the starch paste with water 
while said steam and other gases are being 
separated therefrom. 

5. The process as claimed in claim 1 com- 
prising positively forcing the slurry stream 
through the treatment steps at a rate such 
that each portion thereof is retained in the 
heating and converting zone for a period of 
5 to 12 minutes. 

6. A continuous starch converting apparatus 
comprising 

means for forming a starch slurry, 

a steam injection heater comprising means 

for injecting steam under pressure into a 

stream of slurry introduced therein, 
means for feeding a continuous-stream of 
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shiny to said steam injection heater to form 
a starch paste, 

pressure converting means incorporating 
baffle means constructed to provide a contin- 
5 uous path for the paste therein without chan- 
nelling, 

pipe means connecting the steam injection 
heater directly to the pressure converting 
means whereby to maintain the latter under 
10 pressure, 

paste collecting means open to the atmo- 
sphere, 

pipe means connecting the pressure convert- 
ing means to the paste collecting means, 
15 valve means connected to the upper portion 
of said pressure converting means for regulat- 
ing release of non^condensible gases. 



7. The apparatus as claimed in claim 6 
comprising pressure sensing means on the pipe 
connecting the pressure converting means to 20 
the paste collecting means, 

valve means on sad pipe, 

control means for regulating said valve in 
accordance with the pressure differential 
between top and bottom of the pressure con- 25 
verting means to maintain the prescribed level 
of paste within the pressure converting means. 

For the Applicants: — 
F. J. CLEVELAND & COMPANY, 
Chartered Patent Agents, 
Lincoln's Inn Chambers, 
40 — 43 Chancery Lane, 
London, W.C.2. 
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1 SHEET n l* drawing is a reproduction of 
the Original on a reduced scale 




